The effects of a number of synthetic antibacterial agents of the borinic acid and diazaborine types on the growth of enteric bacteria were examined. In minimal medium aerobic growth was immediately slowed; slow nonexponential growth continued for an extended period, and the cells remained viable. The effect was also seen in anaerobic cultures and was not antagonized by a number of common nutrients, vitamins, or growth factors. The response was modified by the addition of casein hydrolysate to the medium. This seemed to be a nutritional effect dependent principally on lysine and leucine. The modified response consisted of a period of abnormal growth lasting for at least one doubling time after the addition of the antibacterial agent. The turbidity at first increased more rapidly than that of the controls and was approximately equal to that of the controls after 30 min. However, the increase in bacterial mass (dry weight) was only 0.75 of the amount predicted by the change in turbidity. The viable count increased in proportion to the turbidity. Changes in the cell envelope were revealed by electron microscopy and by an alteration in the response of cells to lytic agents. After the period of abnormal growth cultures entered a premature stationary phase.
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A number of boron-containing compounds studied in these laboratories and elsewhere (2) possess strong antibacterial activity specifically against the enteric group of gram-negative bacteria both in vitro and in animal infections. The formulas of the compounds used in the present work are shown in Fig. 1 solution (1 ml) containing the borinic acid (1 to 10 tg) mixed with sodium acetate buffer (0.2 M; pH 4.6; 1 ml) was shaken with benzene (10 ml) and separated. Part of the upper layer (3 ml), dried over Na2SO4, was mixed with 8-hydroxyquinoline (30 ug) in benzene (1 ml). After 30 min, the fluorescence was measured at 500 nm with excitation at 400 nm (the fluorescence of 8-hydroxyquinoline was negligible under these conditions).
For the biological assay, a sterilized test solution was added to minimal medium, and falling twofold dilutions were made with the medium. Standards of the reference compound in the medium were made at close concentration intervals over the sensitive range. All tubes were inoculated with E. coli 198, and growth continued until uninhibited cultures reached about 5 x 108 cells per ml. Growth in all tubes was then measured nephelometrically. An accurate estimate of the antibacterial concentration could be made for that dilution of the test solution which allowed an intermediate level of growth falling near the steepest part of the standard growth response curve.
Lysis experiment. ICI 78,911 (36 MM) was added to an exponential culture of E. coli 198 in minimal medium plus 1% casein hydrolysate. Growth was continued until the turbidity had doubled. A similar untreated culture was grown to the same turbidity. Cells from each culture were suspended in tris(hydroxymethyl)aminomethane buffer (0.12 M; pH 7.8) and placed in a recording spectrophotometer set at 578 nm. Lysozyme (55 Ag/ml) and sodium ethylenedia- Fig. 3 cover a 50-fold range of activities.
Response of E. coli 198 to boron-containing antibacterial agents in supplemented medium. Attempts were made to antagonize the action of the boron-containing antibacterial agents by supplementing the minimal medium with vitamins, growth factors, and potential nutrients. Significant effects were observed only with amino acid mixtures, particularly with casein hydrolysate. When ICI 75,188 was added to an exponential culture of E. coli 198 growing in medium supplemented with 1% casein hydrolysate, instead of the immediate check in growth seen with cultures in minimal medium, the turbidity continued to increase more rapidly than in the controls (Fig. 4) detail and will be referred to as parallel growth. Beyond this time the growth of the treated culture declined sharply, whereas the control culture continued to grow exponentially until the onset of the stationary phase at a much higher cell density.
The effect of casein hydrolysate on the inhibitory action of the boron-containing antibacterial agents was greatest at concentrations of 10 mg/ml but was detectable down to 0.1 mg/ml. In these experiments cells had been growing from the outset in supplemented medium, but even when casein hydrolysate was added at the same time as ICI 75,188 the inhibitory response was strongly modified (Fig. 5) (Fig. 4) . Viable count measurements, however, agreed with the turbidity readings, showing a rapid doubling in cell numbers from the time of the addition of ICI 75,188 until inhibition began to become evident.
Cells grown under these conditions were shown by light microscopy to be longer, on the average, than the controls. They responded differently to negative staining with uranyl acetate, picking up a much larger amount of the reagent. Electron micrographs of cell sections showed the outer membrane to be more irregular and less heavily stained than in the controls. There was also some evidence of abnormal division. Cell walls prepared (3) from treated and control cells were compared by electron microscopy. The walls from normal cells showed the usual appearance of flattened envelopes, whereas those from treated cells were twisted and distorted; few were flat. The walls from treated cells also showed a greater tendency to clump together.
A further difference was in the response to lysis. A cell suspension from an exponential culture of E. coli 198 treated with lysozyme and ethylenediaminetetraacetic acid cleared in a few minutes through lysis (Fig. 6) 
